1. Introduction
===============

Carpal tunnel syndrome (CTS), affects more than 60 million people worldwide,^\[[@R1]\]^ is a compressive neuropathy of the median nerve that can cause hand pain, numbness, and tingling.^\[[@R2]--[@R4]\]^ Initial treatment of carpal tunnel syndrome involves nonoperative measures such as splinting, rest, nonsteroidal anti-inflammatory drugs (NSAIDs), physiotherapy, and corticosteroid injection.^\[[@R5]--[@R9]\]^ The first open release was completed by Herbert Galloway in 1924,^\[[@R10]\]^ is indicated in recalcitrant cases. In the United States, more than 350,000 surgical operations are performed for carpal tunnel syndrome each year.^\[[@R11]\]^

For many surgeons, standard open carpal tunnel release with a long palmer curvilinear incision is still the preferred surgical procedure.^\[[@R4]\]^ Although the standard carpal tunnel release has proven effective and safe, the limited method offer better appearance and minor wound complications compared with the standard open method.^\[[@R12]\]^ Also, the limited technology provides an early return to activities, an early recovery of grip strength and pinch strength.^\[[@R9]\]^ A meta-analysis with a large sample size may be necessary to detect such complications and differences in other outcome measures.^\[[@R13]\]^ Although limited carpal tunnel release has been applied for more than 2 decades, its availability and overall patient outcome remain controversial relative to standard release. Previous meta-analyses have been conducted to compare these procedures but there are important methodological flaws in their inclusion criteria, outcome parameters and validity assessment.^\[[@R14]\]^

The objective of our meta-analysis was to compare the clinical outcomes of patients with carpal tunnel syndrome treated with a limited versus standard approach based on high-level evidence from RCTs. The clinical outcomes included postoperative complications, symptom relief, short-term and long-term intensity recovery, interval return to activities, and operative time.

2. Materials and methods
========================

2.1. Literature search
----------------------

We searched the MEDLINE, Web of Science, and Embase for all relevant literature through to June 2017 that were controlled or comparative studies exploring whether limited incision compared with standard incision for carpal tunnel release is better. The following search terms and Boolean operators were used: ("carpal tunnel syndrome" or "CTS") and ("small" or "limited" or "double") and ("open" or "traditional" or "standard"). This search was limited to human subjects. This study only includes full-text articles published in English. We also manually searched the references in the relevant articles to identify other studies that may be eligible and repeat the process until further research cannot be determined. Ethical approval and patient consent were not required for this study, given that this was a meta-analysis, which utilized published data.

2.2. Eligibility criteria
-------------------------

The meta-analysis was conducted based on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.^\[[@R15]\]^ The inclusion criteria were limited to RCTs that compared limited and standard carpal tunnel releases. Laboratory or anatomic studies, abstracts, descriptive or nontherapeutic, and review or technique articles studies also were excluded. Studies that analyzed the same group of patients were consolidated to prevent duplication of data, and data from the longer follow-up were preferentially used.

2.3. Data extraction and outcome measures
-----------------------------------------

Two researchers independently extracted each relevant data included in the study into a data table. The items included in the data sheet were the first author, publication year, follow-up times, sample size of the limited and standard groups, total number of study participants, type of surgery, primary outcome, and complications. The data format of each of the 2 researchers was compared and the differences were resolved through discussion until consensus was reached.

The following outcomes and complications were investigated in this meta-analysis: strength, interval to return to activities, complications, symptom relief, and operative time were analyzed.

2.4. Data synthesis and statistical analysis
--------------------------------------------

Perform a pooled analysis to compare several clinical outcome measures between groups, depending on the availability of the data. A random-effects model was selected to calculate the statistical heterogeneity of the included trials using Review Manager Version 5.2.11 (The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark). Differences were expressed as RRs with 95% confidence intervals (CIs) for dichotomous outcomes and weighted mean differences (WMDs) with 95% CIs for continuous outcomes. Heterogeneity was analyzed with both the Chi-square test and the *I*^2^ test. The *P* value of \<.05 for the Chi-square test was interpreted as evidence of statistical heterogeneity, and *I*^2^ was used to estimate total variation across the studies. A fixed-effect model was adopted if there was no statistical evidence of heterogeneity, and a random-effect model was adopted if statistically significant heterogeneity was present. Studies with an *I*^2^ statistic of 25% to 50% were considered to have low heterogeneity, those with an *I*^2^ statistic of 50% to 75% had moderate heterogeneity, and those with an *I*^2^ statistic of \>75% had high heterogeneity. If the standard deviation (SD) for a given outcome was not reported in a study, it was computed from other provided statistics, including the 95% CI, standard error (SE), interquartile range, or *P* value. When the SD could not be determined, it was imputed using the mean of the values reported by the other studies.^\[[@R16]\]^ Continuous data were analyzed through the inverse-variance statistical method and computation of the SMD or MD and 95% CI. Forest plots were generated and presented for the following chief outcomes: grip and pinch strength at 6 months or greater, operative time, effectiveness, complications, and interval to return to activities.

2.5. Assessment of methodological quality
-----------------------------------------

To assess the quality of the study, the authors independently evaluated the study without masking the trial name. The evaluators followed the instructions provided in the Cochrane Handbook for Systematic Reviews of Interventions.^\[[@R17]\]^ The following domains were assessed: random sequence generation, allocation concealment, blinding, incomplete data outcomes, revealing of selective outcomes, and any remaining biases. When the information in the study was not sufficient, try to contact the author to ensure the research is properly assessed.

3. Result
=========

3.1. Literature search results
------------------------------

Around 150 articles without duplications were identified from a total of 282 records, and 131 articles were excluded after reviewing titles and abstracts. After evaluating the full text of the remaining 19 studies, a further 6 full-text articles were excluded. As a result, 13 unique studies were included in this meta-analysis.^\[[@R18]--[@R30]\]^ A flowchart demonstrating the search process for locating related research is presented in Figure [1](#F1){ref-type="fig"}.

![Flow diagram of the literature search of studies.](medi-98-e15372-g001){#F1}

3.2. Characteristics of included studies
----------------------------------------

The main characteristics of the 13 RCTs included in the meta-analysis are presented in Table [1](#T1){ref-type="table"}. These studies were published between 2006 and 2016. The sizes of the RCTs ranged from 24 to 138 patients. There were 1019 patients at the time of final follow-up. A total of 499 patients underwent limited incision, and the remaining 520 patients received standard surgery. Limited incision operations include: single-small incision surgery, double-small incision surgery, and Knifelight. The traditional surgical approach is a standard incision (incision \>5 cm in length. Follow-up for all patients ranged from 8 to 168 weeks.

###### 

Basic characteristics of the 13 included studies and patients in studies.

![](medi-98-e15372-g002)

4. Main results of this analysis
================================

4.1. Grip strength
------------------

A total of 232 patients in 4 studies were compared the grip strength of the limited incision and the standard incision. Due to the heterogeneity between groups of grip strength is small (*I*^*2*^ \< 50%), a fixed effect model is adopted. Patients treated with limited carpal tunnel release showed greater grip strength (MD, 4.25 \[0.86--7.65\]; *P = *.01)^\[[@R19],[@R25],[@R28],[@R29]\]^ (Fig. [2](#F2){ref-type="fig"}). However, when long-term follow-up at 6 months or more, no differences remained between techniques in the recovery of grip strength (MD, 0.7 \[−1.38--2.79\]; *P = *.5).^\[[@R19],[@R28],[@R29]\]^

![The forest plots show the mean difference in grip strength.](medi-98-e15372-g003){#F2}

4.2. Pinch strength
-------------------

We compared the pinch strength of the limited incision and the standard incision in a total of 192 patients in 3 studies. Because the heterogeneity between groups of the recovery of pinch strength is small (*I*^*2*^ = 25%), a fixed effect model is used. Patients treated with limited carpal tunnel release showed greater pinch strength (MD, 1.37 \[0.24--2.51\]; *P = *.02)^\[[@R19],[@R25],[@R29]\]^ (Fig. [3](#F3){ref-type="fig"}). But, when long-term follow-up at 6 months or more, it did not remain statistical significance between techniques in pinch strength (MD, 8.09 \[−2.00-- 18.19\]; *P = *.12).^\[[@R19],[@R25],[@R29]\]^

![The forest plots show the mean difference in pinch strength.](medi-98-e15372-g004){#F3}

4.3. Return to activities
-------------------------

A total of 536 patients in 6 studies were compared the interval to return to activities of the limited incision and the standard incision. On account of the heterogeneity between the groups of interval to return to activities is small (*I*^*2*^ = 49%), a fixed effect model is used. Patients who treated with limited carpal tunnel release returned to activities earlier than patients who treated with standard release (MD,−8.80 \[−9.21 to −8.39\]; *P \< *.01)^\[[@R18],[@R21],[@R22],[@R24],[@R26],[@R29]\]^ (Fig. [4](#F4){ref-type="fig"}).

![The forest plot shows the mean difference in the interval to return to activities (days).](medi-98-e15372-g005){#F4}

4.4. Operative time
-------------------

We collected 159 patients from 3 studies to compare the operative time with limited incision and standard incision. Because the heterogeneity between the groups of operative time is high (*I*^*2*^ \> 50%), a random effect model is put into used. And the operative time was shorter for limited compared with standard release (MD, −1.68 \[−3.24 to−0.12\]; *P = *.04).^\[[@R18],[@R21],[@R25]\]^

4.5. Effectiveness and adverse events
-------------------------------------

In addition, we collected data from 13 studies, such as BCT, 2PD, scar issues, pillar pain, etc., which are listed in the table. It did not compare the operative time, grip/pinch strength and time of returned to activities because the above has been analyzed. The study records of these events were relatively inconsistent among studies, so we without performing further subgroup analysis. We divided it into 2 parts, one for adverse events (Table [2](#T2){ref-type="table"}) and the other for effectiveness (Table [3](#T3){ref-type="table"}). Using the fixed effect model, the rate of adverse event was significantly lower in limited group compared with that in standard group (RR 0.61, 95% CI 0.38--0.96, *P = *.03) (Fig. [5](#F5){ref-type="fig"}).

###### 

Adverse events in limited-incision and standard-incision groups.
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###### 

Effectiveness in limited-incision and standard-incision groups.
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![Forest plot showing the rate of adverse events between the limited group and the standard group.](medi-98-e15372-g008){#F5}

4.6. Publication bias and sensitivity analysis
----------------------------------------------

A funnel plot (Fig. [6](#F6){ref-type="fig"}) of the analysis of the interval to return to activities appeared essentially symmetric in relation to the pooled estimate from the meta-analysis, indicating minimal publication bias. The risk of bias is demonstrated graphically in Figure [7](#F7){ref-type="fig"} and summarized in Figure [8](#F8){ref-type="fig"}.

![The funnel plot shows the relative symmetry of the pooled estimate relative to the meta-analysis, indicating minimal publication bias.](medi-98-e15372-g009){#F6}

![Risk of bias graph: review authors' judgments about each risk of bias item presented as percentages across all included studies.](medi-98-e15372-g010){#F7}

![Risk of bias summary: review authors' judgments about each risk of bias item for each included study.](medi-98-e15372-g011){#F8}

Because of patient characteristics, type of surgery, operator and other confounding factors were inconsistent between studies, we further performed a sensitivity analysis to identify potential sources of heterogeneity. We tried to remove any one of the literature in the study, and the results which did not change much were still statistically significant. The *P* value \< .05 was judged to be statistically significant unless otherwise specified.

5. Discussion
=============

Carpal tunnel release with division of the transverse carpal ligament, a fundamental solution to the treatment of median nerve compression, has been a highly successful procedure for the treatment of CTS. Carpal tunnel release surgery has evolved several years to decrease the complications and side effects associated with the operation procedures. Traditional surgical incisions, endoscopy, and small incisions that were newly emerged in recent years, people are striving to explore ways to achieve maximum therapeutic effect at minimal cost. All procedures have been proven to successfully relieve the symptoms of CTS, but each method is associated with various complications and side effects.^\[[@R26]\]^ Studies have shown that carpal tunnels are released through small incisions, combining the advantages of standard open carpal tunnel release and endoscopic carpal tunnel release. Its advantages include minimally invasive surgery, good visualization of the operating area, less technically challenging surgery, low wound complication rate, and good appearance. Compared to standard open methods, limited methods provide better appearance and mild wound complications. Compared to endoscopic methods, our technology does not require expensive equipment.^\[[@R29],[@R31],[@R32]\]^ Furthermore, a number of RCTs have been conducted to date without showing clear advantages of any procedure, and neither of these techniques is clearly favored at present. Thus, the purpose of our meta-analysis was to determine whether limited compared with standard relief provides better symptom relief, short- and long-term strength; different risks of complications such as nerve injury, pain, and reoperation; allows an earlier return to activities; and takes less operative time.

Meta-analysis is usually regarded as an efficient method to integrate effective study results and provide a basis for rational decision making.^\[[@R33]\]^ This meta-analysis pooled 13 studies. This study demonstrated that limited incisions performed better than conventional incisions in terms of reduced operative time, early strength recovery, reduced postoperative scarring, and reduced postoperative recovery time. It is particularly good at recovering early strength, cutting down the incidence of adverse events and reducing the interval to return to activities after surgery. In general, small incision surgery has a shorter surgical incision than traditional incision surgery, which means that it can reduce the operation time to a greater extent, reduce the surgical scar, and reduce the risk of damage to the small blood vessels and small nerves in the skin. Therefore, small incision surgery has smaller surgical scars, shorter operative time, shorter recovery time, less risk of pain and numbness around the incision, and less risk of re-clamping of the median nerve due to bleeding. When special tools, such as light knife, are used to protect the median nerve, the operation time will be shorter and the risk of damaging the median nerve will be less. However, in the long-term (more than 6 months) strength recovery, there was no significant difference between the 2 surgical methods.

There are limitations to this meta-analysis, our analysis was based on a limited number of studies, several of which have modest sample sizes. Compared to a review with a larger overall sample size, our study is more likely to overestimate or underestimate the true results. As there are virtually no validated instruments to assess patient satisfaction, this endpoint was omitted from the meta-analysis even though it was reported in some of the studies. To minimize heterogeneity, we excluded endoscopic surgeries and investigated only standard and open limited surgery. The patients, duration of follow-up, and types of surgical procedures used were varied among the included studies. Including double-incision or single-incision might result in an increased heterogeneity and impact upon the conclusions found in this study. Most of the included studies were from the United States and only one study was from China. It is unclear whether the results of our meta-analysis can be applied to other countries. We hope that future studies will be conducted in other countries to evaluate whether the results of this study are generalizable.

The study conducted by Gulsen et al^\[[@R22]\]^ is of low quality and may have introduced bias into our meta-analysis. As a result, we conducted an additional analysis in which this study was omitted from the calculation of results. Removing this study did not alter any of the meta-analysis outcomes, which revealed that the results of the present review were robust to a certain degree.

According to our study, surgical treatment of carpal tunnel syndrome with a limited incision has shorter operative time, significantly improved short-term strength recovery, and less scarring and rapid return to activities. Although limited incision surgery has so many advantages, surgeons still need to be aware that small incision surgery also has limitation. Patients, who have carpal tunnel bone occupying, abnormal muscle abdomen, mass, carpal bone deformity healing and nerve position variation, treated by limited carpal tunnel release will increase the difficulty of surgery or even failure. Therefore, B-ultrasound, x-ray and/or MRI should be performed to exclude these patients before surgery.^\[[@R34]\]^ For recurrent cases, the structure is more complicated than the initial one, and it is not suitable for limited carpal tunnel release.

In conclusion, in this meta-analysis of randomized clinical trials, we compared the effect of limited incision release versus standard incision release for carpal tunnel syndrome, certain benefits of limited incision are noted, which include a good restoration of grip and pinch strength, a low rate of complications, reduce operative time, and rapid return to activities. Despite these encouraging findings, surgeons still need to know that small incision surgery also has limitation. Patients, not suitable for limited carpal tunnel release, should be excluded before surgery. Anyhow, we should interpret the results with caution and further large-scale, well-designed RCTs on this theme are still needed.
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